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Abstract 

The LHCb experiment has recently established a sizable width difference between the mass eigenstates of the B s - 
meson system. This phenomenon leads to a subtle difference at the 10% level between the experimental branching 
ratios of B s decays extracted from time-integrated, untagged data samples and their theoretical counterparts. Measur- 
ing the corresponding effective B,-decay lifetimes, both branching ratio concepts can be converted into each other. 
The rare decay B*' — > p^yT and the search for New Physics through this channel is also affected by this effect, which 
enhances the Standard-Model reference value of the branching ratio by O(10%), while the effective lifetime offers a 
new observable to search for physics beyond the Standard Model that is complementary to the branching ratio. 
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1. Introduction 

Weak decays of B° s mesons encode valuable infor- 
mation about the quark-flavour sector of the Standard 
Model (SM) of particle physics. The conceptually sim- 
plest observables are branching ratios, which describe 
the probability for the considered decay to occur. 

Measurements of B s -decay branching ratios at hadron 
colliders would require precise knowledge of the B s pro- 
duction cross section, which is not available, and rely 
therefore on experimental control channels and the ra- 
tio of the f s /fu,d fragmentation functions (for a detailed 
discussion, see Ref. HI). At the e + <?~ B factories oper- 
ating at the T(5S) resonance, B s -decay branching ratios 
can be extracted since the total number of produced B s 
mesons can be determined separately J3J- 

The neutral B s mesons exhibit B^~B% mixing. Mea- 
suring the time-dependent angular distribution of the 
BP — > J/tf/d) decay products Q, LHCb has recently es- 
tablished a non-vanishing difference Ar s between the 
decay widths of the B s mass eigenstates [4]: 

Ar r w - r w 

y,= ^= 2T =0-088 ±0.014, (1) 



where T s is the inverse of the average B s lifetime tb s . 
Since a discrete ambiguity could also be resolved 0, 
we are left with the sign in ([T]), which agrees with the 
SM expectation. A sizable value of Ar s was theoreti- 
cally expected since decades j6). 

In view of the sizable AT S , special care has to be taken 
when dealing with the concept of a branching ratio, and 
the question of how to convert measured "experimental" 
B s -decay branching ratios into "theoretical" B s branch- 
ing ratios arises. This issue is the central topic of this 
writeup, summarizing the results of Refs. (THEl. A spe- 
cial emphasis will be put on the rare decay B® — > n + n~ . 

2. Branching Ratios of B s Decays 

2.1. Experimental vs. Theoretical Branching Ratios 

The untagged rate of a B s decay, were no distinction 
between initially present or B® mesons is made, is a 
sum of two exponentials: 

<r(fl,(o -> /)) = r(B°(*) /) + r(B° s (t) ^ /) 

^R f H e- r ^ +R f h e-^', (2) 
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which can be rewritten as 

<r(B. s (f)^/)) = « + <) e - r '' 

x [cosh (y s t/T B ,) + ft[ T sinh (y s t/r Bs )] ■ (3) 
Here the parameter y s was introduced in ([TJ, and 



w - <-< 

Ar ~ £>/ J. pf 



(4) 



is an observable depending on the final state /. The 
branching ratios given by experiments are extracted 
from total event yields, without taking time information 
into account, and can be defined as follows |7] 0: 



BR(fl,-»/) e 



_ 1 r 

= 2 J, 



(T(B s (t)^ f))dt (5) 



2 



1 +^{ r Js 



On the other hand, theorists usually consider and calcu- 
late the following CP-averaged branching ratios: 



BR (B s -» /)„ 



2 



<r(B ( s '(f) -» /)> 



2 



« + 0> 



(6) 



2.2. Effective B s Decay Lifetimes 

Once time information for the untagged B s decay data 
sample becomes available, the theoretical input for de- 
termining ^Iap can be avoided in the extraction of the 
theoretical branching ratio |6]i (7). 

Using the effective B s decay lifetime 

$~t(T(B s {f)^f))dt 



f °°(T(B s (t)^f))dt 

l+2rt Ar y s +y 2 s 



(8) 



we obtain 



BR (B s — > /) t heo 



BR (B, —> /), 



exp • 



(9) 



where only measurable quantities appear on the right- 
hand side. The measurement of effective B s decay life- 
times is hence an integral part of the extraction of the 
theoretical branching ratios |6]l from the data and not 
only an interesting topic to constrain the B®-B° mixing 
parameters 1 10 1. The use of the theoretically clean rela- 
tion in (|9]l is advocated for the compilation of B s decay 
properties in particle listings. 

For a discussion of experimental subtleties related to 
the measurement of B s decay branching ratios and ef- 
fective lifetimes, the reader is referred to Ref. |7 1. 



where the B®-B® oscillations are "switched off' by 
choosing t = 0. It should be noted that this B„ branching 
ratio concept allows a straightforward comparison with 
branching ratios of decays of Z?" or B„ mesons through 
the S t/(3)p flavour symmetry of strong interactions. 

The experimental branching ratios defined in <|5j can 
be converted into the theoretical branching ratios de- 
fined in ^ by means of 



BR(B s ^/) tl 



1 



BR(B s -*f) 



exp - 



(7) 



where the term in square brackets would equal one 
for a vanishing B s decay width difference. However, 
for the experimental value of y s in Q, the theoretical 
Bs ~ * / branching ratios can differ from their exper- 
imental counterparts by up to 10%, depending on the 
the final state /. Using theoretical input, in particular 
the S t/(3)F flavour symmetry, the jrV Ar observables can 
be estimated for specific decays (for examples of recent 
analyses, see Refs. |fT0l[lTl[T2ll ). as compiled in Ref. Q. 



2.3. B s -> VV Decays 

The branching ratio measurements of B s — > VV de- 
cays into two vector mesons, such as B s — > JI4"p7 
B s K* l) K*° and B s -> D*+D*-, are also affected by 
the sizable width difference AT S lfT3lfT4l . Here an angu- 
lar analysis of the decay products of the vector mesons 
has to be performed in order to disentangle the CP-even 
(0, ||) and CP-odd (±) final states, with 



JVVk = BK exp / BK exp- 



(10) 



The experimental branching ratios can then be con- 
verted into the theoretical branching ratios through 



/._n ii i A 



■>VV,k 



1 jl „ <n VV ' k 
k=0,\\,± 1 + -/ J " n Ar 



BR e v X p (ID 



with the help of theoretical information on the jC^ k 
servables, or by means of the relation 



t=o,[|,j.L 

utilizing effective lifetime measurements |7|. 



fvv, W 
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3. B° s -» fi + fi and a New Window for New Physics 

3.1. Setting the Stage 

A key probe of New Physics (NP) is the rare decay 
— > n + n~, which receives only loop contributions 
from box and penguin topologies in the SM. Here the 
(theoretical) branching ratio is predicted as follows [ 15 1: 



BR(B. S -> a* V)sm = (3.2 + 0.2) x 10 



-9 



(13) 



In the presence of NP, the branching ratio may be af- 
fected by new particles in the loops or new contributions 
at the tree level [ 16 1. The error of ( 13 i is dominated by 
lattice QCD input for non-perturbative physics fPTl . 

The limiting factor for the B° s — > pi + [T branching ra- 
tio measurement at hadron colliders is the ratio fjfd, 
where the fragmentation functions describe the 
probability that a b quark fragments in a B° s(d) meson. 
A new method for determining fjfd using nonleptonic 
fi l > -> D>", B° d -> D + K '-, B° d -> D + 7i~ decays lTTl[l8l 
was recently implemented at LHCb lfT9"l , with a result 
in good agreement with measurements using semilep- 
tonic decays I1201 . The S t/(3)-breaking form-factor ra- 
tio entering the non-leptonic method has recently been 
calculated with lattice QCD |[T7ll2"ll . 

Searches for the B° s — > yu 4 yT decay were performed 
by the CDF (22), DO (23, ATLAS (2J|, CMS (25) 
and LHCb collaborations. The latter experiment has re- 
cently reported the currently most stringent upper bound 
on the branching ratio, which corresponds to 



BR(B. S -> fi + /T) < 4.5 X 10" 



(14) 

at the 95% confidence level 11261 . and is approaching the 
SM prediction ( 13 1. For a recent review of the experi- 



mental studies, see Ref. [27|. 

In the analyses of the B® — > ptpT decay, the impact 
of AT s was not taken into account. In view of the discus- 
sion in the previous section, the question arises how the 
sizable value of Ar s affects the theoretical interpretation 
of the B ( \ — > n + [T data and whether we can actually take 
advantage of this decay width difference |8 1. 

3.2. Low-Energy Effective Hamiltonian 

In order to address this issue, we use the general 
low-energy effective Hamiltonian describing the decay 
B l ] — > n + [T as the starting point. Using a notation simi- 
lar to Ref. [28], where a model-independent NP analysis 
was performed, it can be written as 

Uff = —^aV; s V lh \c m O 10 + C s O s + C P P 
V2jt L 



where Gp and a are the Fermi and QED fine-structure 
constants, respectively, and the V qq > are elements of 
the Cabibbo-Kobayashi-Maskawa (CKM) matrix. The 
short-distance physics is encoded in the Wilson coeffi- 
cients C,-, C. of the four-fermion operators 

Os = m b (sP R b)(W (16) 
Op = m b (sP R b)((y 5 (), 

where m/, denotes the b-quark mass, P LR = (1 + ys)/2, 
and the 0' j are obtained from the O, through the replace- 
ments Pi <-> Pp. It should be noted that only operators 
with non-vanishing contributions to B a s — > fi + fi~ are in- 
cluded in ( [15) ; in particular the matrix elements of op- 
erators involving the ly^l vector current vanish. 

The hadronic structure of the leptonic W s — » pi + fi" 
decay is very simple and can be expressed in terms of 
a single, non-perturbative parameter, which is the B s - 
meson decay constant fs s lfl5l . 

In the SM, only the (3 I0 operator contributes with a 
real Wilson coefficient C™, leading to the prediction in 
(|T3j. The sensitivity to (pseudo-)scalar lepton densities 
entering the 0(p)s and 0', p ^ s operators is an outstanding 
feature of the B° s — > channel. The correspond- 

ing Wilson coefficients are still largely unconstrained, 
thereby leaving ample space for NP |28 1. 

3.3. Observables 

For the calculation of the B s — > pfyT observables, it 
is convenient to go to the rest frame of the decaying B { \ 
meson and to use the notation a4/U^ to distinguish be- 
tween the left-handed (A = L) and right-handed (A = R) 
muon helicity configurations. In this setting, the 
and //^ R states are simply related to each other through 
CP transformations. 

Thanks to B^-B® mixing, we get interference effects 
between the B ( ' — > yujyU^ and B° s — > jut/ij decay pro- 
cesses that are described by the observable 



6 = ~e- 



<0CP(B,) . 



A(B° -» //>-) 



(17) 



Here (p s is the B^—B^ mixing phase, whereas <pcp{B s ) 
denotes a convention-dependent phase which is asso- 
ciated with CP transformations 11291 . Expressing the 
B® — > jUtyuT decay amplitude as 

A(B° S -» vfa) = ^|-K ef f|B°> 



(18) 



and performing appropriate CP transformation results 
eventually in the following expression JSJ : 



+C' m O' 10 + C' s O' s+ C' P O' P ], 



(15) 



+T] A P + S 



- m p* + s* 



(19) 
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where all convention-dependent quantities (such as the 
<pcp(fis) phases) cancel, t/hr) = +(—)!, and 



P = 



S = 



Cm — C, r 



M 2 

10 _B*_ 



m h 



■p \ nib + fn s 



Cp - C'p^ 



SM 



1 -4- 



2m fl 



m h 



nit, + nis 



C 



/-■SM 
^lO 



(20) 



(21) 



These combinations of Wilson coefficient functions 
have been introduced in such a way that we simply have 
P = 1 and S = in the SM, whereas P = |f|e" /,f ' and 
5 = |5|e^ s carry, in general, non-trivial CP-violating 
phases <pp and ^ (see also Ref. [28 ]). It should be noted 
that the non-perturbative Z? s -meson decay constant /g s , 
which arises in the parametrization of ( p"8| ) and affects 
the SM prediction ( 13 I, cancels in the observable ( 19 1. 

Before having a closer look at the branching ratio, it 
is interesting to consider the following time-dependent 
rate asymmetries, which require tagging information 
and knowledge of the muon helicity A: 

T(B° s (t) -> //>-) - rxggCQ -> a*>P 
r(B?(o -> a/>-) + r(B ( »(o -» a<>-) 



C A cos(AMjf) + sin(AM s f) 
cosh(y s f/r Bi ) + sinh(y J f/r Bi ) 



(22) 



Here AM S denotes the mass difference between the 
heavy and light B s mass eigenstates while y s is given in 
([TJ. Neglecting the impact of AT S , such CP asymmetries 
were considered for B s j — > decays within various 
NP scenarios in the previous literature [ 30.. 31, 32]. 



The observables entering (22 1 are governed by & in 



( 19 1 and take the following expressions |8 1 



C A = 



1 ~ l&l 2 

1 + l£il 2 ^ 



2|P5|cos(^-^ s ) 



IPP + I5F 



(23) 



2Im£i |P| 2 sin2^ - |5| 2 sin2<^ s 



1 + I&P 



|Pp + |S| 2 



2Re^ \P\ 2 cos2(f P - \S\ cos2<p s 
1 + l&P = Iff + IS I 2 



(25) 



which are theoretically clean. Note that Sep = S a and 
= ^° not depend on the muon helicity A. 
In the discussion given above, it was assumed that NP 
enters only through the Wilson coefficients governing 
the B ( ' — > n + iT decay and that the B a s -B {) s mixing phase 
S = dyf 1 + <p™ takes its SM value 0? M = 2arg(V£V fi ), 
which is cancelled in ([17} through the CKM factors 
of the ratio of decay amplitudes. In (24i and (25 1, 



NP in Bj-Bj mixing can straightforwardly be included 
through the replacements Itpp^ — > 2<Pp,s ~ <P™ '■ The 
LHCb data for CP violation in B s -> J/u/(f>, 7/i/r/ (980) 
decays already constrain <p^ p to the few-degree level (3). 
Consequently, this effect is negligible from the practical 
point of view for the following considerations. 

It is difficult to measure the muon helicity. In order to 
circumvent this problem, we consider the 

nB° s (t) -> mV) = J] r(B« ) (f) -» (26) 

^=L,R 

rate and its counterpart for initially present B° s mesons, 
which can be combined into the CP asymmetry 

r(B»(f) -» li + lT) - r(B°(f) -» // V) 



r(B° s (t) 



li+lt) + r(SS(o -» ft*-) 

Sep sin(AM s f) 
cosh(y s ?/Ti, s ) + Jl Ar swh(y s t/T Bs ) ' 



(27) 



Since a non-zero value would immediately signal new 
CP-violating phases, it would be most interesting to 
measure this asymmetry. This feature was recently 
highlighted in Ref. [33) for minimal t/(2) 3 models 11341 . 
Unfortunately, despite the independence on the muon 
helicity, this is still challenging from the practical point 
of view as tagging and time information are required. 
An analogous expression holds for the rare Bj — > y^yT 
decays, where is negligibly small. 

3.4. Closer Look at the Branching Ratios 

From the practical point of view, the branching ra- 
tio extracted from untagged data samples, ignoring the 
decay-time information, is the first measurement: 



BR(B,-»/iV)«p 
1 



(T{B s (t)^y + y))dt. 



(28) 



Here the untagged (T{B s {t) 
general terms in ( |2| a nd Q. 



p. + fj. )) rate is given in 



Since J?[^ r in (|25|) does actually not depend on the 

muon helicity, i.e. ^l^r = ^at> we can a PPty Q t0 
extract the theoretical branching ratio from the exper- 



imental branching ratio ( 28 1 



BR(B S -> /zVkeo 



1 



1 +M &r y s 



BR{B S -> ^V) 



exp- 



(29) 



The former is considered and calculated by the theoret- 
ical community (see, e.g., Refs. [15, 28 1), and satisfies 



BR(B S -» // Vkep 

BR(B S -» Li + fi-) SM 



= \P\ 2 + \S\ 



(30) 
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The y s terms in ( |29[ > had not been taken into account in 
the comparison between theory and experiment |H). 



As can be seen in ( 25 I, ZRtsv depends sensitively on 
NP entering through the Wilson coefficients which gov- 
ern the B ( ' — > ytpT channel. Consequently, this ob- 
servable is currently unknown. Varying yi^r e [-1, +1] 
yields 

ABR(B. S -> n*/n\y, = ±y s BR(B s -> /iVW (31) 



which has to be added to the experimental error of ( |28| ). 

On the other hand, within the SM, we have the theo- 
retically clean prediction = +1. If we rescale the 



theoretical SM branching ratio in 
by a factor of 1/(1 - y s ) and use 



ilp) 



correspondingly 
we obtain 



BR(fi. s ^ mV)smU = (3.5 + 0.2) x 10 



-9 



(32) 



This is the SM branching ratio reference value for the 



comparison with the experimental branching ratio ( 28 1 



3.5. Effective Lifetime 

Once the B ( ' — > yfpT decay has been observed and 
more experimental data become available, it is possible 
to include also the decay time information in the analy- 
sis so that the effective B ( ] — > yT lifetime t^^-, which 
is defined as in ([8]), can be measured. Since y[ Ar in p5| 
does not depend on the muon helicity, this observable 
can be extracted from the effective lifetime with the help 
of the relation 



1 

^Ar - — 



2r Bs -(l-y?)r > 



(33) 



and results in 



BR (B s 



)theo 



3.6. Constraints on New Physics 



Looking at the expression for Ji^- in ( 25 1, it is obvi 



ous that this observable and the effective lifetime t^^- 
may well be affected by NR The AT S effects propagate 
also into the constraints on NP parameters that can be 
obtained from the comparison of the experimental in- 
formation on the B s — > \i + yT branching ratio with the 
SM branching ratio, where it is useful to introduce (8l 



R = 



BR(B S -> n + iT) e 



BR(B. S — > fi + n~)sM 
Using ( 25 1 and ( 29 1, the ratio R takes the form 



(35) 



R = 



1 + J{ hT y s 



1 



1 + y s cos 2ipp 



(\P\ 2 + \S\ 2 ) 

1 - y s cos 2^s 



\P\ 2 + 



\S\ . (36) 



Combining (13i and (14i yields the bound R < 1.4, 



where the theoretical uncertainty of the SM prediction 
of the Z?" — > ii + yC branching ratio was neglected. 

The ratio R would fix a circle in the |P|-|S| plane 
for y s = 0, i.e. for a vanishing B s decay width differ- 
ence. On the other hand, for non-zero values of y s , 
R can be converted into ellipses which depend on the 
CP-violating phases (pp,s- As the latter quantities are in 
general unknown, R results in a circular band, with the 
upper bounds |P|, \S\ < y"(l +y s )R. Since the S and P 
contributions cannot be separated through experimental 
information on R, as can be seen in ( |36] l, there may still 
significant NP contributions be present in B® — > n + pC , 
even if the branching ratio should eventually be mea- 
sured close to the SM expectation. 

As was pointed out in Ref. [8], the measurement of 



2 - - y 2 \ T/J+/J BR(B S — > yU + /U ) (34) tne e ff ectrv e lifetime t^^- and the associated untagged 



This expression takes the same form as |9) and allows 
the conversion of the experimental B s — > n + fT branch- 
ing ratio into its theoretical counterpart, irrespective of 
whether there are NP contributions present or not. Con- 



Ji^T observable allows a resolution of this situation. 
The point is that 



\S\ = \P\- 



/cos 2ip P - Mat 

COS 2lf S + !HtsY 



(37) 



sequently, the error in ( 3 1 1 can then be eliminated. 

The effective — > y. + pT lifetime and the extraction 
of from untagged data samples is an important new 
measurement for the high-luminosity upgrade of the 
LHC. Extrapolating from the currently available analy- 
ses of the effective fi l > -> //^/ (980) and B° s -> K + K~ 
lifetimes performed by the CDF and LHCb collabora- 
tions, a precision of 5% or better appears feasible 10. 
Detailed experimental studies of this exciting new fea- 
ture of the B° s — > n + n~ channel are strongly encouraged. 



fixes a straight line through the origin in the |P|-|5| 
plane. For illustrations, the reader is referred to the fig- 
ures shown in Ref. (SI . 

In the most recent analyses of the constraints on NP 
parameter space that are implied by the experimental 
upper bound on the B s — > pi^fi" branching ratio for var- 
ious extensions of the SM, authors have now started to 
take the effect of AF S into account (see, for instance, the 
papers listed in Refs. 15511551 ). 
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4. Conclusions 

The non-vanishing width difference of the Z^-meson 
system, which has recently been established by LHCb, 
leads to subtleties in the extraction of B s branching ratio 
information from the data but offers also new observ- 
ables. The differences between the experimental and 
theoretical branching ratios can be as large as 10%, de- 
pending on the final state. Both branching ratios can 
be converted into each other either through theoretical 
considerations or through the measurement of the effec- 
tive B s — > / decay lifetimes. As the latter involves only 
experimental data, it is generally the preferred avenue. 

The rare decay B° s — > i^yT is also affected by Ar s , 



where the theoretical branching ratio in ( 13 i has to be 
rescaled by 1/(1 - y s ) for the comparison with the ex- 
perimental branching ratio, resulting in the SM refer- 
ence value of (3.5 ± 0.2) x 10~ 9 . Thanks to AT S , the 
B 1 ' — > n + iJr decay offers a new observable, which is the 
effective lifetime ?■„+„-. It allows the inclusion of the 
AT S effects in the conversion of the experimental into 
the theoretical branching ratio. Moreover, it offers also 
a new, theoretically clean NP probe that may still show 
large NP effects, in particular those originating from the 
(pseudo-)scalar { + {~ densities entering the four-fermion 
operators. This observable may even show NP should 
the B® — > branching ratio be found close to the 

SM prediction. The measurement of t^^- and the asso- 
ciated J?tar observable is an exciting new topic for the 
high-luminosity upgrade of the LHC. Detailed feasibil- 
ity studies are strongly encouraged. 



Acknowledgements 

I am grateful to the organizers, in particular Giulia 
Ricciardi, for hosting and inviting me to another ex- 
cellent meeting of the Capri flavour physics workshop 
series, and would like to thank my PhD students and 
colleagues for the enjoyable collaboration on the topics 
discussed above. 



References 

[1] R. Fleis cher, N. Serra and N. Tuning, Phys. Rev. D 82 (2010) 

034038 l arXiv: 1004.3 982 [hep-ph]]. 
[2] A. Druts koy et al. (Belle C ollaboration), Phys. Rev. D 76 (2007) 

012002 |hep-ex/0610003|. 
[3] M. Pepe Altarelli, these proceedings. 

[4] R. Aaij et al. [LHCb Collaboration], LHCb-CONF-2012-002. 
[5] R. Aaij etal. [LHCb C ollaboration], Phys. Rev. Lett. 108 (2012) 

241801 |arXiv: 1202.4TP71 [hep-ex]]. 

[6] For a recent review, see A. Lenz, arXiv: 1205. 1444 [hep-ph]. 



[9 



[10 



[11 



[12 

[13 

[14 

[15 

[16 

[17 
[18 

[19 

[20 
[21 



[22 



[23 



[24 



[25 



[26 



[27 
[28 

[29 
[30 

[31 

[32 

[33 
[34 
[35 



K. De Bruyn, R. Fleischer, R. Knegjens, P. Koppenburg, 
M. Merk and N. Tuning, Phys. Rev. D 86 (2012) 014027 
[arXiv: 1204T735l [hep-ph]]. 

K. De Bruyn, R. Fleischer, R. Knegjens, P. Koppenburg, 
M. Merk, A. Pellegrino and N. Tuning, Phys. Rev. Lett. 109 
(2012) 041801 |arXiv:1204.i737 [hep-ph]]. 
I. Dunie tz, R. Fleischer an d U. Nierste, Phys. Rev. D 63 (2001) 
114015 | hep-ph/0012219|. 

R. Fleischer and R. Knegjens, Eur. Phys. J. C 71 (2011) 1789 
| arXiv: 1109.51 15 [hep-ph]]; R. Knegjens, these proceedings. 
R. Fleischer, R. Knegjens and G. Ricciardi, Eur. Phys. J. C 71 
(2011) 1832 | arXiv: 1 109 TTTT21 [hep-ph]]; Eur. Phys. J. C 71 

(2011) 1798 | arXiv:l 110.5490 [hep-ph]]. 

K. De Bruyn, R. Fleischer and P. Koppenburg, Eur. Phys. J. C 
70 (2010) 1025 |arXiv: 10 10.0089 [hep-ph]]. 
R. Aaij et al. [LHCb Collaboration], Phys. Lett. B 709 (2012) 
50 |arXiv:l 11 1.4183 [hep-ex]]. 

S. Descotes-Genon, J. Matias and J. Virto, Phys. Rev. D 85 

(2012) 034010 |arXiv:ll 11.4882| [hep-ph]]. 

A. J. Buras, PoS BEAUTY 2011, 008 (2011) |arXiv: 11 06.0998 
[hep-ph]]. 

For a recent review, see A. J. Buras and J. Girrbach, 
|arXiv: 1204.5064] [hep-ph] . 
E. Gamiz, these proceedings. 

R. Fleischer, N. Serra and N. Tuning, Phys. Rev. D 83 (2011) 
014017 |arXiv: 1012 .2784 [hep-ph]]. 

R. Aaij etal. [LHCb Colla boration], Phys. Rev. Lett. 107 (201 1) 
211801 |arXiv: 1 106.44351 [hep-ex] ] . 

R. Aaij et al. [LHCb Co llaboration], Phys. Rev. D 85 (2012) 
032008 |arXiv: 1 1 1 1.2357] [hep-ex]]. 

J. A. Bailey, A. Bazavov, C. Bernard, C. M. Bouchard, C. DeTar, 
D. Du, A. X. El-Khadra and J. Foley et al., Phys. Rev. D 85 
(2012) 114502 |arXiv: 120 2.6346 [hep-lat]]. 
T. Aaltonen et al. [CDF Collaboration], Phys. Rev. Lett. 107 

(2011) 191801 |arXiv:110 7.2304 [hep-ex]]. 

V. M . Abazov et al. [DO Collaboration], Phys. Lett. B 693 (2010) 
539 | arXiv: 1006.3469 [hep-ex]]. 

G. Aad et al. [ ATLAS Collaboration], Phys. Lett. B 713 (2012) 
387 |arXiv:12 04.0735 [hep-ex]]; M. Bona, these proceedings. 
S. C hatrchyan et al. [C MS Collaboration], JHEP 1204 (2012) 
033 | arXiv: 1203.3976 [hep-ex]]; G. Tonelli, these proceedings. 
R. Aaij etal. [LHCb Collab oration], Phys. Rev. Lett. 108 (2012) 
231801 [arXiv: 1203 .4493 [hep-ex]]; J. Albrecht, these proceed- 
ings. 

J. Albrecht, [^XrvT2 07.4287 [hep-ex]. 

W. Altmanns hofer, P. Paradis i and D. M. Straub, JHEP 1204 

(2012) 008 |arXiv: 1111. 1257] [hep-ph]] . 

R. Fleischer, Phys. Rept. 370 (2002) 537 |hep-ph/ 0207To"8). 

C. -S. Huang and W. Liao, Phys. Lett. B 525 (20 02) 107 [hep^l 
|ph/0011089] ; Phys. Lett. B 538 (2002) 301 |hep-ph/0201 121 1. 
A. Pedes and A. Pilaftsis, Phys. Rev. D 67 (2003) 015012 |hep- 
ph/0209306). 

P. H. Chankowski, J. Kalinowski, Z. Was and M. Worek, Nucl. 

Phys. B 713 (2005) 555 |hep-ph/0412253 |. 

A. J. Buras and J. Girrbach^|arXjviT206.3878 [hep-ph]. 

R. Barbieri, these proceedings. 

O. Buchmueller, R. Cavanaugh, M. Citron, A. De Roeck, 
M. J. Dolan, J. R. Ellis, H. Flacher and S. Heinemeyer et 
al., |arXiv:1207.7315| [hep-ph]; T. Hurth and F. Mahmoudi, 
arXiv: 1207.0688 [hep-ph] ; W. Altmannshofer and D. M. Straub, 
arXiv: 1206.0273 [hep-ph]; D. Becirevic, N. Kosnik, F. Mes- 
cia and E. Schneider, arXiv:1205.5811 [hep-ph]; F. Mahmoudi, 
S. Neshatpour and J. Orloff, |arXiv: 1205. 1 845 [hep-ph]; T. Li, 

D. V. Nanopoulos, W. Wang, X. -C. Wan g and Z. -H. Xiong, 
JHEP 1207 (2012) 190 |arXiv: 1204.53261 [hep-ph] ] . 



